The effects of bupivacaine, a long-acting local anaesthetic, and buprenorphine, an opioid analgesic, administered either pre-or post-operatively, were investigated in a rat laparotomy model. Surgical anaesthesia was induced and maintained with halothane. The type of analgesic treatment was a significant factor in the reduction in body weight and food and water intake which occurred following surgery. The largest reductions were seen in the bupivacaine-treated groups and those animals which received no analgesics. The timing of administration of analgesics had no influence on the effect of bupivacaine administration. The group receiving buprenorphine before surgery showed less depression in food intake than the group receiving buprenorphine at the end of surgery. Animals which received buprenorphine showed less depression of activity than those receiving saline or bupivacaine.
Advances in our understanding of the underlying mechanisms involved in pain and surgical stress have led to the development of alternative strategies for managing postoperative pain in man. It has been demonstrated in man that local anaesthetics can both reduce the surgical stress response (Kehlet 19781 and provide effective postoperative analgesia (Buckley 1985) . Local anaesthetics have less marked systemic effects than opioids, provided that appropriate dose rates are used (Covino 1987) . Although widely used for providing local anaesthesia, the use of local anaesthetics to produce post-operative analgesia seems less widespread in animals than in man.
It has been suggested that the sensory input from the surgical field has an important effect on the development of postoperative pain and on the surgical stress response. Blocking of this afferent input by the use of local anaesthesia prior to surgery Accepted 2 March 1998 may be particularly effective in minimizing the response to surgery [Bailey &. Child 1987) . The present study was designed primarily to determine the effects of local infiltration of a laparotomy wound with bupivacaine, a long-acting local anaesthetic, injected either before or after surgical incision. Previously developed indices of surgical stress and post-operative pain: food intake, water intake, body weight reduction and locomotor activity (Liles & Flecknell1993, 1994 , Liles 1994 were used to assess animals in this study.
Pre-operative buprenorphine administration was used as a positive control in this study, which formed part of a larger series of investigations. In order to minimize the number of animals used in this particular study, the results were compared with data obtained previously in other, related investigations which have been undertaken in our laboratory. Hence the pre-operative admin-istration of buprenorphine in this study was compared with post-operative use of this analgesic in other related study groups. This comparison was undertaken since it has been suggested that pre-operative administration of opioids may reduce the degree of postsurgical pain, based both on laboratory investigations (Woolf & Wall 19861and clinical trials (McQuay et al. 1988) . Demonstration of equivalent effects in animals would have significant clinical implications with regard to the timing and type of analgesic therapy.
Materials and methods
Male outbred Wistar rats, weighing between 250-350 g, obtained from this Institute's Specific Pathogen Free Unit were used. The animals were housed in a room which was remote from the main area of the animal unit to avoid disturbances as a result of external factors. Room temperature was controlled at 20± 2°C with 18 air changes per hour and relative humidity of 50%. A 9 h:15 h lightdark cycle was maintained, the room lighting was automatically switched on at 08:00 h and off at 17:00 h. Animals received a commercial pelleted diet (R and M No I, SDS Ltd, Essex, Englandl and water ad libitum. All animals underwent a minimum of 14 days period of acclimatization to single housing and daily handling and weighing prior to study. Food and water consumption, body weight and activity were recorded for a minimum of three days: the day before surgery, the day of surgery, and the following day. Food and water consumption were monitored by weighing the ariimals' food hoppers and water bottles between 09:00 h and 10:00 h each morning, when they were replenished. They were weighed again, just before the start of the dark phase at 17:00 h.
Locomotor activity was monitored using an array of infrared beams coupled to a computer recording system. Full details of the apparatus have been described elsewhere (Liles 1994) . In brief, an array of four by three beams was used, dividing the cage into 12 areas each measuring approximately 15 x 12 cm. Monitoring was undertaken for 23 h, commencing at 10:00 h. The stored activity 17 data were analysed to determine the number of beam interrupts in each one-hour period. When this information is graphed the total number of beam interrupts made in one hour is plotted at the start of the collection period. Repeated interruptions of the same beam were not counted as a movement, so that motion between 15 x 12 cm sections was recorded, rather than small movements such as grooming which would occur whilst the animal remained in the same location.
Surgical procedure
In order that the rats could be returned to their cages shortly before the start of the dark phase of their photoperiod, surgery took place between 15:00 hand 16:00 h. Anaesthesia was induced with 4% halothane in 100% oxygen using an anaesthetic chamber. Rats were then transferred to a face mask and gas scavenging system (Fluovac, IMS, Dane Mill, Congleton, Cheshire) and anaesthesia maintained with 2% halothane. During surgery the rat's body temperature was maintained at 37°C using a thermostaticallycontrolled heating blanket. The abdomen of the rat was shaved and a 4 cm skin incision made using a scalpel blade. A 4 cm incision was made in the muscle so that the abdominal viscera were exposed and the viscera were then gently manipulated with the surgeon's finger for exactly 2 min, to simulate the movements typically made during abdominal surgery. The muscle was sutured using 3/0 polyglactin 910 (Vicryl, Ethicon Ltd, PO Box 408, Bankhead Avenue, Edinburgh, UK) and the skin wound' closed using a subcuticular stitch of 3/0 polyglactin 910, and skin staples (Proximate II, Ethiconl. The time period from the start of induction to removal of the face mask was 14 min.
In those rats receiving local anaesthesia, bupivacaine, 0.125% (Astra) (5% diluted 1:4 with Normal saline) was infiltrated into the skin (0.35 ml) and muscle (0.35 ml) along the edges of the surgical site, either prior to surgical incision, or before suturing commenced. Pre-operative buprenorphine (0.05 mg/kg, s.c. in 0.5 ml salinel was administered 30 min prior to the induction of anaesthesia. The efficacy of the local anaes- 
Results
Mean differences in body weight, dark period food and water intakes and number of movements in the two summary blocks are shown in Table 1 . Changes in body weight and dark period food and water consumption are shown in Fig 1. Data from saline-treated animals from a previous study are included for comparison.
The type of analgesic treatment was a significant (P < 0.004) factor in the reduction of body weight and food and water intake. The largest reductions were seen in the bupivacaine-treated groups, which were not significantly different from those reductions seen previously in operated animals which received no analgesia (saline control group, Fig 1) . Buprenorphine-treated groups hal east reduction in these variables followmg surgery. The time of administration of analgesic was not a significant factor (P > 0.05), however comparison of the reduction in food intakes in the two groups treated with buprenorphine, using the population variance from the GLM, showed a significant difference (P < 0.03) between these two groups (this method is described by Armitage and Berry (1987l) .The group which received buprenorphine before surgery showed less reduction in food intake than thesia block in the skin was assessed by pinching the wound site with dissectin? forceps during recovery from anaesthesIa.
Following completion of the surgical procedure, rats were placed in an incubator maintained at 35°C for approximately 30 min before being returned to their cages at 16:30 h.
Three groups of 10 rats were used for this particular study, and were randomly allocated to receive either pre-operative buprenorphine, pre-operative bupivacaine, or postoperative bupivacaine. Data from two additional groups of animals, studied on a previous occasion, but using an identicap rotocol, carried out by the same operatIve team, were also included. These animals received post-operative buprenorphine 10.05 mg/kg, s.c. in 0.5 ml) or post-operative saline 10.5ml s.c.), administered immediately following removal of the face mask.
Statistical methods
The differences between post-operative and pre-operative body weight, and dark period (17:00-07:00 hL food and water intake were calculated. These values were analysed for effect of type of analgesic treatment and time of analgesic administration by general linear model (GLM) analysis of variance. Two summary measures of locomotor activity were investigated, 18:00-20:00 hand 03:00-05:00 h. The movement data were log transformed, then the difference between the number of movements made in the 22 h on the day before and after surgery was calculated for each animal and this difference analysed for effect of analgesic treatment and time of treatment by GLM. The groups used for the GLM were the three groups of rats from the present study, together with the post-operative buprenorphine group from the previous study. A separate analysis of variance was undertaken to compare the . analgesic-treated groups with the group of animals which received saline. Activity data and food and water consumption and body weight for the day prior to the immediate post-operative period were inspected for any major variations but were not subjected to formal statistical analysis. .c : the group treated with buprenorphine at the end of surgery. Less than 5 % of the daily food and water intake was consumed during the light phase of the photoperiod. These data were therefore not subjected to formal statistical analysis as any changes observed would be difficult to detect and unlikely to be of clinical relevance. The group mean locomotor activity before and after surgery are shown in Fig 2. The type and timing of analgesic treatment were not significant factors in the number of movements made in the first time period. The type of treatment was a significant factor in the second time period, activity was depressed in the bupivacaine-and saline-treated groups. The timing of analgesic treatment was not a significant factor in the change in locomotor activity (Table 1) .
Discussion
Treatment of rats with the local anaesthetic, bupivacaine, appeared ineffective in reducing the depressant effects of surgery. Previous studies have shown that bupivacaine has no significant effect on the variables studied when administered to normal, unoperated rats (Flecknell & Liles 1992) . Bupivacaine has been shown to be effective and to have a longer duration of action than other commonly used local anaesthetics in other animal species IBader et 01. 1989 , Heavner & Racz 1990 . At the time of undertaking this study, there were no published dose rates of bupivacaine in the rat, so the dose rate selected was 5% of the reported L050 in this species. The failure to demonstrate a significant effect may have been related to the use of an inadequate dose. Subsequent to the completion of this study, Kizelshteyn et 01. (1992) reported the use of bupivacaine to produce sciatic nerve block in rats. These authors used a similar concentration of bupivacaine (0.13%1, and noted that the duration of sensory blockade was only 2 h. The duration of post-operative pain following laparotomy is likely to be greater than 2 h, hence the relatively short duration of the action of bupivacaine in the rat may account for its apparent lack of effect. Other recent studies have indicated that higher concentrations of bupivacaine are both effective and safe when given to rats (Dirksen et a1. 1992 ).
An additional factor may be the type of surgical stimulus used. The model simulates a typical rat laparotomy, and hence includes visceral manipulation, such as might be required for procedures such as bile duct cannulation, partial hepatectomy and splenectomy. The local anaesthesia would have no effect in blocking the effects of this stimulation/ but could only act at the site of the surgical incision.
Given the constraints of modelling typical experimental rodent surgical procedures, the assessment of the efficacy of local anaesthetic block achieved in this study was quite crude. During emergence from anaesthesia/ the skin at the wound site was pinched using dissecting forceps. Animals which had received only saline showed an abdominal pinch response by the twitching of the skin, no response was seen in bupivacaine-treated animals. This technique does not assess the degree of local analgesia in the muscle during anaesthesia. However, the technique used was selected to mimic that used when attempting to provide local wound analgesia in animals used on other, unrelated studies in this institution and elsewhere. Further investigations to determine the optimum dose, volume and methods of infiltration might thus be worthwhile.
Studies of this type, in which surgical procedures are undertaken specifically to investigate the degree of post-operative pain, are of particular ethical concern. Although the authors believe that such studies are justified, it is clearly important to minimize the number of animals used, particularly those receiving no analgesic treatment. Since the animals described in this study were part of a larger series of experiments, in which every effort was made to standardize the experimental methodology, it was thought valid to carry out comparisons with groups of animals from previous investigations. This approach inevitably reduces the confidence of the results obtained (see below), but does achieve a significant reduction in the number of animals used.
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Noxious stimuli have been shown to cause excitability changes in the spinal cord induced by C-fibre activity. These changes result in a lowering of the pain threshold. If morphine is administered before noxious . stimulation, the dose required to block these changes is an order of magnitude lower than if morphine is given after the changes have occurred (Woolf & Wall 1986 ). Prevention of sensitization by surgical stimuli is the basis for the clinical application of pre-emptive analgesia. Opinion is currently divided concerning the practical relevance of this technique. No difference between pain scores (using visual analogue scores) was observed in patients who underwent colonic surgery and either pre-or post-incision analgesia (Dahl et a1. 19921 /nor in patients undergoing third molar extractions (Zacharias et a1. 19931.Pre-incision infiltration of lignocaine has been shown to increase the time before additional analgesia was required following inguinal herniotomy, and to reduce the number of patients requiring supplemental analgesia (Ejlerson et a1. 1992) . Pre-operative administration of opioid, local anaesthesia, or a combination of both treatments was also shown to reduce the need for post-operative analgesics in patients undergoing orthopaedic surgery (McQuay et a1. 1988 ). Hyperalgesia following thermal injury in man has also been shown to be postponed by preemptive infiltration of the proposed site with local anaesthetic (Dahl et a1. 1993) .In rats undergoing ovarohysterectomy, pre-operative administration of pethidine has been shown to prevent the development of surgically-induced hyperalgesia (Lascelles et a1. 19951· In all studies in man, either local anaesthetics/ which indiscriminately block all afferent nerves, or Il-opioid agonists such as morphine or fentanyl have been administered. Use of the partialll agonist, buprenorphine, in the present study, might have resulted in a lesser effect in inhibiting dorsal horn neuron hyperexcitability. This may account for the failure to demonstrate major differences between pre-and post-operative analgesic therapy. A small but significant effect on food consumption was demonstrated, and given the lack of any significant difference between the saline and bupivacaine groups, and the considerable care taken to standardize the study conditions throughout this series of experiments, this is unlikely to have arisen because of betweenstudy differences.
The relative lack of effect of timing of therapy may relate to differences in the methods used to assess pain in animals and man. In human patients it is possible to distinguish between localized wound pain and more centralized pain (Dahl et a1. 1990 ). Wound pain can be assessed by applying pressure to the surgical site and asking patients to score the pain experienced on a visual analogue scale (VAS).Overall central perception of levels of pain are assessed using a VAS in the absence of any direct stimulation of the surgical site, or derived by measuring the dose rates of analgesics necessary to produce a patient who reports he is pain free. In a recent study, Tverskoy et a1. (1994) found that pre-emptive treatment with fentanyl or ketamine produced inhibitory effects on wound hyperalgesia but had no overall effect on post-operative pain scores. In our studies in rats, it is not possible to differentiate local and centralized pain, but only to assess variables such as food and water consumption which may reflect the overall level of pain. A final confounding factor may be the duration of effect of preemptive analgesia, relative to the period of pain assessment. In man, pre-emptive analgesia has been reported to delay the need for additional analgesia for 2 h (Dahl et a1. 1993) or 4 h (Johansson et a1. 1994) . The measurements made in rats in the present study occur over a 14 h period, which may mask the effects of pre-emptive treatment.
Animals which undergo surgery, and which may be experiencing post-surgical pain, are believed to show reduction in food and water consumption and show changes in behaviour. Our previous studies in the rat have demonstrated that reduction in food and water consumption and body weight, and locomotor activity, occur following surgery [Liles & Flecknell1993, 1994 . These changes may be related both to post-operative pain and to surgical stress, however the reversal of some of the effects of surgery by Hayes & Flecknell the use of two different classes of analgesia (buprenorphine, an opioid, and carprofen, an NSAID) suggests that post-operative pain is a contributory factor to these effects. We do not believe it is possible, at present, to determine the significance of these changes in respect of the degree of pain or suffering experienced by the animal. They do, however, indicate that surgery has some adverse effects. Since it is usually desirable that laboratory animals recover as rapidly as possible from surgery, use of analgesia to reduce these depressant effects may be appropriate irrespective of whether the effects are due to pain or other effects of surgery.
Statistical analysis of repeated measurements of variables causes a number of problems, and the approach adopted here was that proposed by Matthews et a1. (1990) , of selecting appropriate summary measures of the variables concerned. The two time periods used in the analysis were chosen to reflect the immediate post-surgical period and a later time period when the effects of analgesic agents might be subsiding. The data were log-transformed to provide a normal distribution for parametric data analysis.
Despite the lack of major beneficial effects, pre-operative administration of analgesics can still be recommended for other reasons. Administration can reduce the dose of anaesthetics required to produce surgical anaesthesia, so reducing unwanted sideeffects of these· agents. In addition, preoperative administration ensures that the analgesic is acting as soon as the animal recovers consciousness, and no gap between recovery from anaesthesia and administration of pain relief occurs. The failure of bupivacaine to provide prolonged analgesia was disappointing, since this would have offered an alternative analgesic regimen when opioids or NSAIDs were contraindicated. Local anaesthesia can provide effective analgesia in other species, for example when specific nerve blocks are used in dogs (Flecknell et a1. 1991) or following local infiltration in discrete areas in lambs (Wood et a1. 1991) . Further investigations of appropriate dose rates, concentrations and volumes of injectate are required in the rat.
